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Introduction 

Today taxonomy is often based on a polyphasic 
approach (Vandamme ct aU 1996a); which in- 
voices genocypic and phenotypic methods. Pure 
historically phenotypic methods have dominated 
the identification, and classification schemes of 
the lactic add bacteria and thfc lactobadHi Iti 
particular. Today, 16S RNA sequencing has 
become the method of choice, not only, because 
of its high degree of portability, but . equally 
important*, because of the availability of a large 
database of reference sequenced In a polyphasic 
approach, .which involve* b^th genotypic and 
pheriotypic meiiods, one t&^.* 'efiw^tt&^a^p'' ij£BSat«*. 
en ccs between, for example, the phyiogerieric tree 
revealed by 16S RNA sequencing and the phe- 
notypic groups based on fermentation profiles 
and metabolite production. 

It would be wrong, however, to limit all das~ 
sifjeatibn schemes to the phyiogeneric groupings- 
based on 16$ rRNA sequences exclusively. 16S 
rRNA suffers from considerable disadvantages; 
as wilt be shown below. A polyphasic approach 
diar involves a balanced use of multiple geno- 
typic and phenotypic methods will always yield a 
more balanced and reliable result As sequencing 
becomes more and mote: accessible arid cheaper,., 
the role ; of a singlt molecule such- as 16SrRNA, , 
will tend to fade; Hie sequencing of a variety of 
individual (household) genes will djeversify and 
broaden ther r^pnonua.vievvs^wiA the sequence 
ing of the complete genome of many organisms 
as a feasible option, within a few years. 

Today, however, 16S rRNA in combination 
with DNA-DNA hybridisations is still the ref- 



. ercncemcracwLTlcrciQre, the raxonomic discus- 
sion in this chapter will be based on a neighbour 
joinings tree, obtained with, the 16S rRNA of the 
Lactobacillus species known at dhe .end of May 
2008. ^ ,; "" r ;v ' ;;J '* irrV " ' 

In the section 'Metabolism' belo>y "we . . 
describe the remarkable variation; of c^ftbffic^, ' 
activities, within; the genus Lactobacillus* ; jGh js . 
variation, together with the tart rhat lactqbadni -V, 
are generally considered safe> has been tuei ba^is^' 
of their very, broad, use, ja ■' ^^j^j^^^jitis, 
(VanWckhovcn ct ql, 2008; jju^Waj$^ 

r Th £ active apph'c^rion of Ijving;^^ 
in foods requires proper label! trig (!T0ii^^aj\. \ 
ct at, 2004) which makes proper' 0en^ca- 
rion, based on stable and reliable da^mcattbn 
schemes, extremely important, ''' 

Metabolism ~ 

The first essential step in. food fermentations is 
the catabolism of carbohydrates by the lactic; arid 
bacteria* Lactic add bacteria as a gjcMg'm^i' 
an enormous capacity to degrade SMttM^c^6r 
hydrates and related compounds. The main end 
product is lactic add (>50% of sugar carbon)* 
It should be noticed, however, that lactic add 
bacteria .adapt to various concUrions and change 
their. metabolism, a^ may lead 

to significantly different eud- product patterns 
(Tab!r2-1)' V ' V " . '^ 

.The^ taxonomy. pf ^IacA^ ad^l .bactt^. for 
many decades, heavily relied . on the r^pe of sugar 
fermentation. In order to. deal with, .the large 
number, of species being described,. OrJavJensen 
(1919, 1942,, 1943) ; proposed I classification 
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Table 2.1 Historical subdhnslon of^ the type of fermentation 



I; Homofermentatj've U: Heterofenriehtath/e 



Glucose fermented 


&85% 




60% • • ;V. « ; •• • * : - ''• • 


to tactic acta 








Formation of CO^ 








acetic acid and 








ethanoJ 








CQz formed from 


- 




+ 


glucose 








Thiamine required 


_ 




+ 


for growth 








Fructose 








diphosphate 








aldolase 








Qrla -Jensen, 1919 










'Ttiemiobsiderium' 


■ > * 'Sfrep tobacfer/um' 


'Betabacteavm* 


• 


Obligate • 1 


Facultative 


Obligate • 




homofermentative- 


r- heterofermentative 


heterofermentative . 


van den Harher, I960 


■ ■ .- y ■ 


t. :*.•■»: 


• * • ■■ ■ ■ - 


Fructose-1,6- 




+ 




bisphosphate 








aldolase 








G»ucose-&- 




" + 




phosphate 








dehydrogenase 








B^hosphogfuconate 
















Rogpsa; 1970 


IA 


IB 




Grc^at45°C 




d 








d 




RIbose fermented 








C02 from gluconate 




+ 


+ 


Rogosa, 1974 








Acidophflic 




t 




Etrianpl tolerant 








Most cartwrrydat^ 








fermented 

















of lactic add f^ena, which was based on 
morphology, tebperafaire range of growth, 
nutritional cfaataci^risncs, carbon sources' uti- 
lizarion and ag^utinatiqn effects* Orla-Jenscri 
du7efendaaid &^i^^t^ix^^€^t^v^ 
contained tlje^hobacieriitnu SirtptohatMiiiri 
and Streptococcus, which were all catalase ne^crve' 
and jtto^uce "mainly lactfc acid besides SactVoT 
oche* 



Bctabattertum and Bctacoccus, which also lade 
catalyse but as a rule forriied detectable amounts 
of gas ihd other by-products, besides licticacid. 
The third ^oup ' consisting' afrM^batitriiini 
and Tctfiicoctus show a positive catakse reacrion. 

In 1960, Van den Hairier showed that 
representatives of BctabactcriuM ■■ • did not 
posses * fructose-l,6^bisphosphare * aldo- 
lase,- " in contt^r ' ; in 'TJitntiobacicnam and 
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Table 2.1 cbnflnW 



I: Homofermentath/e 



0: Heterofeirnentatr/e • 



Sharpy 1979 
Aerobic species 



Anaerobic species 



Kandler and Weiss, 1986 

Hexosa almost 
exclusively to lactic 
acid 

Hexose fermented to 
tactfcK aceHc ac!d # 

emanol/cd^" ,v ' iWA ' : 

Lactrc^ acetla-, r •„.. 
fdfrnfc add, el^noj. : . ^ ^ 

HmltaSon' ~" ,v " v ' c ""'" r 
Pentose 

phosphoketolase 
Gluconate fermented 



Group 1 1 

..... ...^ 



IIA 



(IB 



Lactobacillus 
addophtiusi 

LicfdbacJIlas 
deibnJBckii . 

LaffiBffillus 
hetimtcus • 

/^cib5acf/7fis 
Jensihff ' 

Lactobacillus 
saTnikffvs 



Lactoba'cfllus 
ruftitfits 

Lactobacillus 
Vitutfnus' 



Lactobacillus easel Lactobacillus brsvfs Lactobacillus 

ffucfyotans 



Lactobacillus 
coryntformis 

' Lactobacillus 
curvatus 

Lactobacillus 
fromohfochff 

Lactobacillus 
plantatvm 

Lactobacillus 
yamanshlensis 



Group If 



Lactobacillus. - 
bucfineii.;. 

Lactobacillus 
confusus 

Lactobacillus 
fermentum 

Lactobacillus 
virfdescans 



Group III 



Lactobacillus 



d t strain dependent; L, Lactobacillus. 



Strcptobactcrium* These findings supported the 
discrimination of three physiological groups: 
(i) the obligacely bomofermenatiye . t lacto- 
bacilli, lacking both glucose-6-phospharc 
dehydrogenase and' 6'jphosphoglucdhate dehy- 
drogenase {Ttycrtnobacttrium), (ft) the feculca- 
tivcly homoferrnentative lactobadUi, having both 
dehydrogenases, but degrading glucose,, prefer- 
ably via the Embcfen-Meyerho£~Pa^ 
way (Strtptobacterium), and* (Hi) the- obligately 
hetcToiermentarive UctobadluV lacking fructose- 
1,6-bisphosphitoaldblase (Bctcibactetiurii): Thtf- 



mobactcrium, Strcptobacttrium an&Bttabacterhim 
were cotisidered to be the three subgenera within 
thegenus Lactobacillus. 

the subdivision of lactobacilli into three 
major fermentation groups for raxonomic reasons 
was maintained until the late 1970s (Table Zl), 
The development and application of advanced 
molecular techniques brought new insights in the 
taxonomy of the genus, .which is meanwhile con- 
sidered the most heterogeneous amon^ the lactic 
add bacteria, with currently 113 different species 
described (Table 2.2), HoweVer, for practical rea- 
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Table 2.2 List of Ljactobacittus species with some details on their original description and Ihejr^ curreoj: ... 
taxonomto status. The table also contains some information on their respective phyipgenetic po^Iori, 
metabolism and pepUdoglycari type : , ' 1 ""• * ■■f-<- > v.^vt.V. 7 >. . 



Number 


Genus 


Species 


Subspecies 


References ?,V- : 


4 
1 




9tc i o i O) arans 




EntanI ef al 19SB 

tatuuitci Di« i sou .» 


o 
c 




au/Lii/a/ w rat? 




VantmnnRvt ef a/ 2DG5b 


3 


Laciobadkis 


adoTpisds 




Tfenasupawat ef at 2000 


4 


Lactobacillus 


addbpNhJS 




(Mora 1900) Jiansen and Mocquot 1970; 










oonnson hi au ia.ou, ; _ 


a 


LactobacUfus 


agifis 




WeA»p/Df 1981 198? 


6 \ 


LAClOuBalJUS 


sluidus ''.< 






7 


Lactobacillus 


alimBntanus 




fey Rn it at 1Q7fl HPtrtnr 1Q.B3a h 


8 


Lactobacillus 


amylofytfcus 




Bohakeralimi^Sfii 


9 


LaclobacfUus 


amyfophdus 




Nakamura and CroweU 1979.1981 


10 


Lactobacillus 


amyfotrophicus 




Naseref at 2006c 


11 


Lactobacillus 


amyfovorus 




Nakamura 1981 


12 


Lactobacillus 


animalis 




Dent and WSlle^ns 1 982, 1983 


13 


LactobacSJus 


antfi 




Roosefat2orj5 


id. 


1 sdnbscfflus 


BOttd&ffil 




Osawa et at 2008 




/ nnffihaHthJs 


"Bftzonansls " 




Swezey ef at 2000 


15 


Lactobacillus 


aviaihis 




Fujlsawaef at 1984,1985 






XM\Atmt 1*? 

avianu.* 




Fujlsawaefat 1984,1986 






aviarius 


aviarius 


Fujisawaef at 1984,1988 




Lactobacillus 


-backT 




Bohack el at, 2006 




Lactobacillus 


"bavaricus' 




Starter and Stetter 1980 




Lactobacillus 


"bffermenians" 




(ex Petta and van Beynum 1943) Handler et 










a/. 19B3b,c 


16 


Lactobacillus 


brevte 




(Prfa-Jensen 1919) penjey efat 1934- 


17 


Lactobacillus 


buchnati 




(Hermeberg 1903) Benjey ef at 1$^ • ; / ^ 




Lactobacillus 


"butgaficus" 




(Oria- Jensen 16*19) Rogosa and Hansen 










1971 


1B 


Lactobacillus 


cameHlae 




Tanasupawal et aL 2007 ' 




"Lactobacillus 9 


"CBJTUs" 






19 


LactobacJBus 


easel 




{pda-Jereen i 916) Hansen and Lessel 1 871 

MiBs and Lessel ja% *' 

i 




Lactobacillus 


"caseT 


"afaciosus" 




Lactobacillus 


case/ 


easel 


(Oda- Jensen 1916) Hansen and Lessel 1971 




LactobacUfus 


"caser 


"pseudoplantarum* 


Abo-anagaand Handler 1965b 




Lactobacillus 


"casef" 


'tbarnnosus 0 


Hansen 18^8 




Lactobacillus 


"case/" 


'ioletansT 


Abc^Braga and Kahdter 1965b ••• • < • , 


20 


Lactobadiias 


cQtemfbrmia • 




(Eggerth 1935) Moom and .HoWeman .1 970 




.LactobacBIys 






t ftooceaetV 1953 


21 


LatfobacBkk ' 


cetf 




Veteet ai.^008 ■ 


22 


LactohacWUs 


ccfeobominls 




N8<btaJtchoukafat 2001 -* -> -. 


23 








Endb and O^ada 2007a -;r- ; 


24 


LactobacStus 

■ - •>•■•' 


colSrK^des 




Can* and Davies 1972 - --v « 4 . 
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Current name (reference) 




Metabolism 
lype§ 


Mcrtft G + O . 
content 


,Peptfdog!ycan Lactic acid 

'type ' iyp^ 


. — ~ ~ 


acidophilus 


B 


36-37 


LVs-tt-Asp 


DL 




btiefirieri 


c 


51 .. ,; 


MA 






safivarius 


B 


38-41 


. Lys-D-Asp 


i 

U 


• 


acidophilus 




34^37 


l_y b— \J rvo \) 


PL 




sajfyanus 


B 


,43^-44 


DAP 


L 




saWraniis 


B 


36-37 


DAP 


L 




plahtaKim 


B 


36-37 




L-DL 




acidophilus 


A 


39 


Lys-D-Asp 


DL 






A 


44-48 


Lye-D-Asp 


L 




aritfoptyUis 


A 


43.5 


NA 


L 




acidophilus 


A 


40-41 


Lys-D-Asp 


DL 




sBfiyartus 


A . 


41-44 


Lys-D-Asp 


L 




reutanV 


C 


44H5 


Lys-D-Asp 


Dt 




sa!iyarius 


B 




L-Lys-D-Asp 


L 


lactobadUos plantarum (Kostinek 


ptantanum 


B 


■ 45 


NA 


DL 


eta/: 2005)/ . >/,■■ 




A 


3&-43 


Lys-D-Asp 


DL 




sailNranus 
saJfvarius 


A 


39-43 




DL(D<15%)' 




A 


39-43 


Lys-D^Asp : 


• dL 


Mot vel validated^ ft ■* ; - Vt>-;v •>,-: 




NA 


NA 


v m.... <; , ( ^. r . 

Lys-DiAsp 


NA 


Luctobadttus sate? (KagBrrnaler- 


case] 


B 


41^3 


• * 

u 


CaJjaway and Lauer 1 995)-; < 








Lys-u-osp 


ihir 




easel 


B 


45 










■" ' ■ " 4 vHa* 


DL 




, buebneri 


C 


44-47 , m . ; 


Lys-D-Asp \ 

• • \\<, >'rn 




• ^ tA|LH jl IBM 


c 


44^46 ...... 


Lys-D^Asp^ 
Lys-0-Asp . 




Lactobacillus deOsfueM^spM 


^ arfdoobflus 


A 




' d 


ouigancus (Weiss era*. mooD/ 














easel i 


A 


51,9 


Lys-D-Asp 


L 


Camobacterium rnaltaromaticus 












(Coffins ef a/. 1987) 














• casei . 


Q 
B 


45-47 


Lys-D Asp 


L 


Lactobacillus paracssei subsp- : 




8 


45-47 


Lys-ChfVsp 


' L 


para case/ (CoKins e£ a£ 10B9b) 








Lys-D-Asp 




See lext for further expianafion 


case! 


B 


Mr AT 
4o-4/ 


L 


Lactobacillus paracase! subsp. 


easel 


B 


45-47 


Lys-D-Asp 


L 


paracasef (CO^ns et a/. 1^9gl 


easel 






Lya-D-Aip 




Lactobacillus rfwnnosus (Gpllns 


B 


45-47 


L 


efaM9B9b) 












Lactobacillus paracasef subsp. ' 


caseJ 


B 


45-47 


Lys-D-Asp 


L 


lolamns (Coilns e( el 1 9B9ty 














vttulfnus- 


A 


31-33 


Lys-AJa 


D 




cateoaform\s 






Orn-D-Asp 


LarDL 


Lactobacillus fermentum 


reuteri 


C 


53 


IDettagBoefaf. 2004a) 














safivanus 


B 


NA 


Lys-L-Ser 


L 




reuteri 


B 


NA 


mDAP 


DL 




perotens 


C 


45 


Lys-D-Asp 


DL 




ptenlarum 


B 


4B 


no mDAP 


DL 
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Table 2*2 continued 



Number Genus 



Subspecies 



References 



25 
28 

27 
28 



29 



30 



31 

32 
33 



[Jactobacfiius 
XajctobacBkJs ¥ 

l&ctobacffluB 



c&icavus 
confusus ■ 

cbrynffonnls 
cdrynftbrmb 
cvryriformls 

Lactobacillus curvatus 

cujvaius 
curvatus 



lactobaciBus 
Lactobacillus 



LactobacBjus . 
Lactobacillus 

'Lactobacillus* 

Lactobacillus 

LactobacWus 
Lactobacillus 
Lactobacillus ] 
Lartobacwus 



"cypricese)* 

detbruaddi 
delbrueckH 
daibnieclw 
deptueckS 
dhUvorans 



corynffarmis 
torquens 



curvatus 
'metiblosus* 



bufgadcus 
deforueckS 
Indicus 
/acffe 



-durianh" 
equl 

farraginte 
iatfntoshehs1s k 



' Tc^ 'and Dong 2005 ..■:-,>•,*:• ,-, ' ■ 
(Hobapfei and Kandfer 1969) Sharpa at al 
1972 

AbG-Bnaga and Kandter 1965b 
AbdrOnaga and Kancfler 1965b 
Afco^Snaga and Kandler 1955b 
(Brygoo and Aladama 1953) Moore and 
Hokieman1970 

fTrolfi-Petersson 1603) Abo-Bnaga and 
Kancfler 1965b emend Kfeln ef at 1936 
TonlanJeiaL 1996 
Toniart ef af. 1996 

LaWsori ef al 2O0la 

(Uichmann 1896) Beijerinck 1901 
(OdasJensen 191 9) Weiss ef al. 1 983D.1 9B4 
{^ctknarin 18955 Betjerinck 1901 
Deflagllo ©tat 2005 

(Oria-Jensen 1919) Weiss at al 1933^1984 
Kroonaman eta/. 2002 
Vaughn* da/. 1949 

Holzaptel and Gerber 1963,1384 • 

Lelsnerefat 2002 • 

MorDtomIe^ai2002 , 

(ex Rettfter 1970) Renter 1983a,b 

Ehdo'and Okada 2007b 

l ef al200i; 2002 - • 



34 

35 
36 



37 
38 
39 
AO 
41 
42 
43 



Laclobadttus /emienfum 



Lactobacillus 
LactobaWiis 
'Lactobacillus'' 



Lactobacillus 
Lacmbaefltos 
Lactobacillus 
Lactobacillus 
Lactobacillus 
Lactobacillus 
LacfobaclBus 
%actobad8u$" 



fomtcaSs 

frucSvorans 

fructosus 

ifumantl 

fuchuznstis 

gatitnarum 



gasiricus 
ghanansts 
grajnlnls 
"hahtalerans 0 



Beljefinpk 1901 emend. DellagTtoef a/. 
2004a" - .: 

Dicks et a/. 2000 ' 
Chariton el at 1934 
Kbdama 1956 • 

M01}erefat2000 • • 
Salvia of a/. 2002 ... 
Fupsameli^2 '' " " 1 " " ^ 
UiW and Kandler 1980 ' 
Rops ef e/. 2005 . , 
Nteteenexa/.2Q07, t ^ V 
Beck ef at 1969. 1969 
^Hcflereiat19B3a I c 



44 Lactobaci&js' hammesfi 

46 Lactobacillus hamsteri 

46 Lactobacillus' narotoensfc 

47 Lactobacillus ha0dtensts 



Vaicheva at al, 2005 
Mftsuokaand Fupsawa 1987.1968 
Mi^noto et al. 2005.2006 
Mofttaeta/.200T 
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Current noma (reference) 


Phytogenetfo 
group 


Metabofisrn ' 
type'§ 


M01&G + C 
content 


. PeptidogVcan 
type 


lactic acid 
type 


' — " T~ ~ , 7? t ,. ' 


pemfens 


A 




rnDAP 


DL(D596) 


MiaiixzntlA confiysa-ZDofUns ct at 












1093} 














easel ■ 


B 


45 


Lys-D-Asp 


DL 




case! 


B 


45 


Lys-D-Asp 


DL(L<15%) 






6 


45 


Lys-D-Asp 


D 




acidophilus 


A 


35-38 


Lys-D^Asp 


dL 




easel 


B 


42-44 


Lys-D-Asp 


DL 




easel 


B 


42-44 


Lys-D-Asp 


DL 


Lactobacillus sate! subsp, 


easel 


B 


42-44 


Lys-D-Asp 


DL 


camosus (Koort el at 2004) . 












Lactobacillus addiptscis (Naseref 


saSvarfus 


B 


40 


NA 


L 


at 2006b) 


acidophilus 












A 


49-51 


Lys-D-Asp 


D 




addophiius 


A 


49-61. 


. Lys-D-Asp 


D 




acBophilus 


A 


49-51 


Lys-D-Asp 


D 




" acttiophllus 


A 


NA 


" NA 


D 






A ' ' '"' 


49-51 


Lys-D-Asp 


D 


■•■£>■ v. .. 


bocHneri 


C 


NA 


NA. 


NA 


Leciobacfflus hefkf (Marshall et 


buenneri 


C 


NA 


' NA 


NA 


at 1984). 












Camobacteriumsfto&g&is 






















DL ■ 


LactobadIkJ3 vaccinostercvs * 


reuteri 


C 


4a 


NA 


(DBllagTto ef at 2005) 














•iai^us 


A 




NA. ■■ .,y. v\-<Uu 


■ m 




A 






'■i.L{U<\079) 




bucrjneri 


B 


40-^41 


no mDAP 


DL 


Lactobacillus pa&bucfinerf 


buchneri 


C 


43 


MA 


UL 


{Vartcanneytef at 2DD5a). 








Om-D-Asp 






reutert 


c 


52-$4 


DL 




atid.of^Hus 




37 


NA ■ 


DL 




biichneri 


c 


38-41 


Lys-D-Asp 


DL 


Leuconostoc fniclosum (An tunes 












eta/.20b2jf ' ' 






f 








reutert 


c 


43-44 


Lys-D-Asp 


L 




easel 


B 


4l-*2 


NA 


L(D<4096) 




acidophilus 


A 


3&-37 


Lys-D-Asp 


DL 




aefdopnto 


A 


33-35 


Lys-D-Asp 


DL . 




reuteri 


C 


41-42 


L-Om-D-Asp 


DL 




saKvarius 


A 


38 


mDAP 


DL 




easel 


B 


4H3 


Lys-D-Asp 


DL 


LaciobaalbA ^iiescehs 












subsp. halotolerans; Wefcseffa' 












h&loiohrans (Coffins ef 












s/.19S3,1994) 














buchnerf 


B 


NA 


L-Lys-D-Asp 


DL 




acidophilus 


B 


33-35 


Lys-D-Asp 


DL 




perofens 


• B 


53-54 


NA 


L 




saGvarius 


A 


34 


Lye-Asp 


L 
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Table £.2 continued 



hit imhor 




Species t 




fltJlOl CJ. . 


48 


Lactobacillus 


hotveticus 




(drla^ertsen 19t9) Bargay ef. at 1925 




Lactobacillus 


nelerohiocm^ 




Kitahara ef at 1957a,biMomos0otaZi 1974 


49 


LactohadSus 


hllaardU 




DoUgJas anti Cru ess 1936 


50 


Lactobacillus 


hornohiocNl 




Kttahara et aL 1Q57a,b 


3 1 




Inats 




rtiiiCT l ci at. 1999 


52 


Lacfobacfllus 


Ingluvhi 




Baeleef at 2003 


53 


Lactobacillus 


InlestinaBs 




(exJHemm© 1974) Fupsawaef at 1990 


54 


Lactobacillus 


jansenH 




Gasaerefat 1970 


55 


Lactobacillus 


johnsonB 




Fupsawaerat 1992 




Lactobacillus 


'jugurta" 




Orfa-Jensen, 1919 


56 


Lactobacillus 


kalixensis 




Roosefat2005 




"Lactobacillus" 


kandteri 




Holzapfel and van Wyk 1982,1983 ' 


57 


Lactobacillus 


kefifanofaderis 




Fujtsawaetat 19B8 emend. Vancanneyt et 










at 2004 






tefvanofactens 


kefiranofadens 


Fujtsawaef at 19B8 






kafitanofaclens 


keftrgranvm 


CTaJ-Jzawaefat 1994) V-mcanneyter at 










2004 "" '*' 




Lactobacillus 


"keHrgtartum" 




TaWzawaetet 1994 


58 


Lactobacillus 


kailri 




Kandier and Kunath 1 983a,b 


59 


Lactobacillus 


ktmchil 




Yoonefat2000 


60 


Lactobacillus 


hjtasatonls 




MukaJefat 2003 


61 


Lactobacillus 


kunkeel 




.Edwards et aL I998a,b 




Lactobacillus 


-facUs* 




(Orta-Jensen 1S19)Bergeyefat 1934 




Lactobacillus 


"lefcftmannir 




.v.,..: , 

^enneberg 1903) Sergey ef at 1923 


62 


Lactobacillus 


Bpdneri 




(ex Hermeberg 19irt)Badke/at 1935,1997' 


63 


La&obacBfus 


maJeiehnentans 




(ex Riissefl and Walker 1 953) Farrow e( at 










1|388,1989 


64 


Lactobacillus 


waif 




(Can* and Davies 1970) Kaneuchf eJ at 1988 






/naff 


maH 


(Can arid Davjes 1970) Kaneuchi ei aL 1988 






ma8 


yamanashlensis 


Nonomura 1983, KaneucW ei at 1,988 , 




"Lactobacillus' 


"mallaromcus' f 




Milter era*. 1974 


65 


LactobacBkis 


rnaiiihotrvorarts 




Morlon-Quyol et ad. 1998 


66 


LatfobaAs 


nvodensls 




Ehrrnann el al, 2003 




lactobadikis" 


"minor 




Kandter^tat 19B3a,c 




"Laciabadttus" 


minutus 




(Hauduruy ei at 1B33 Mopre and Haldeman 










1972; Osener at .1991 , . ! # ' \ ".. 


67 


Lactobacillus 


mucosae 




Roosefat 2000 ;r 


68 


Lactobacillus 


murinus 




Kemma ei at 1980, 1982 


69 


LactobacBhk 


nageS 




Ecrwards el aL 2000 


70 


Lactobacillus 


namurerfsis 




^e!trind< et al. 2007 


71 


Lactobacillus 


riantenste 




^a^evaaffl/.2006 


72 


Lactobadikxs 


] cJ^ernientaris v 







Supplied by The British Library;- TFhB vvt»rttf &^bwief4g§ tt 



Taxoruxryarri Metabolism of UxfobadBus I 11 



Current name (reference) 


Phyfaflenefoc 
group 


Metaootfsm 
type § 


content 


vpepBdogiycan- 
typtf 


Lactic acid 
type 




acidophSus 


A 


3W0 


Lys-D-Asp . , . 


DL 


Utctohac&us fructivorans (Weiss' 


&jclinen" 


G 


36-40 


Lys-D-Asp 


DL 










Lys-D-Asp 


DL 


bucrineri 


C 


39-41 




buchneri 


B 


35-38 


Lys-D-Asp 


DL 




BCtoopnuus 


it 


OtSW „ . ■ 


Lys-D*Asp 


L 




reyterj. 


- c . 


49-50 , 


NA 


NA 








33-35 


Lys-D-Asp 


DL 




addophitus 


B 


35-37 


Lys-D-Asp 


D 




addophftjB 


A 


33-35 


Lys-D-Asp 


DL 


LactobaciUus heiveticus (Slmonds 


acado^hflus 


A 


NA 


NA 


NA 


etal. 1971) 








Lys-D-Asp 


DL 


actaoprwus 


A 
rV 


35-36 


Wefesefto kandlerf (Collins er a/. 












1993,1994) 










DL 


<SUllJU^J4 HJUO 


A 


34-38 


NA 






A 


3«£-3B ' 1 - 


MA 


DL 






A 


34-38 


NA 


DL 


iftotdbacHfus kefiraridfacfens ' 




A 


34-38 


• no mDAP • 


DL 


subsp, keffrBrtofecfens 












(yancanrieyl tat a/. 2004) 








Lys-D-Asp 


DL 


buchneri 


C 


41-42 




ptaKjanim 


B 


35 


NA 


DL 




^ acidophilus 


•'•'B 


37-40 


: NA 


DL 








NA 


; Lys-D-Asp 


L 


. .... '.. .^4'i.^7^ 
ta ctobficfflus tfe/bny&cWr subsp. 




A 


50 


NA 


NA 


fecfo(VVetesefafc. 19B§bilSaS) 








• NA • ■ 


NA 


Laciobsdtfuts dBibrUB^ sftbsji/ ' 


^a^lcJbpntkjs 


A 


51 


/adfe (Weiss ef/a£ 1BB3b;t98#^ 












• buchneri 


c 


35 


. Lys-D-Asp 


DL 


■ * 


ptaniarurn 


Q 


41-42 


Lve-D-Asd 


NA 




safivarfus 


A 


32-34 


DAP 


L 




saifvarius 


A 


32-34 


DAP 


L 




saliva ri us 


A ' 


32-34 


mDAP 


L 


Camobacterium piscfcola (Mora 
























rnallaromaticus (Mora etat 2003) 














case! 


A 


43-49 


NA 


L 




ptantarttm 


A 


37-38 


Lys-D-Asp 


DL ' 


Lactobacftkisyifflescens subsp. 












mfnor, Wefysefte minor {Co8ins e/. 












af. l993 r t9S4J * ' 












Atopoblum rrifovtum (Coffins arid 












Wallbanks 1992,1993) 














muter! 


C 


48-47 


Orn-D-Asp 


DL 




saSvarkis 


B 


43-44 


Lys-D-Asp 


L 




saflvarius 


A 


NA 


NA 


DL 




btKihned 


C 


52 


NA 


DL 




pfanlerum 


B 


38.6 


' NA 


DL 




ret/ted 


C 


35-3-39:9 


NA 


DL(D 30%) 
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Table 2.2 continued 



Number 


Genua 

i. 


Species 


Subspecies. 


-■■ ■ References 


73 


Lactobacillus 


oris 




Farfovj and Colfins 1986 


74 


Lactobacillus 


pants 




Wteseetal 1996 , 


75 


Lactobadffus 


pantheris 




Liu and pong 2002 


76 


Lactobacftius 


parabrevh 




V/atK^anneyt et eL 20G8b 


77 


Lactobacillus 


paiabuchrierl 




Farfowef aL 1988, 1989 






parabucbn&ri 


parabuchneri 


Farrow etaL 1988,1989 






parabuchnaii 


ferintosbensts 


Vahcarmeyt et al^ 2005a 


78 


Lactobacillus 


paracas&i 




Coffins etaL 1989b 






paracasel 


paracasai 


Cote ef aL 1989b 






pamcaser 


totemns 


(Abo-EInaga and Kandler 1965b) Collins et 










St. 1989b 


78 


Lactobacillus 


pamcolSnoJdes 




Suzuki e/ at 2004 


80 


Lactobacillus 


pasafw raginfs 




Ehdo end Okada 2007b 


81 


Lactobacillus 


parakefirf 




TakfcawaeJat 1994 


82 


Lactobacillus 


parnfkmntartus 




Cal etaL 1999 


B3 


Lactobacillus 


parapfantaium 




CtotfetaL 1996 




Lactobacillus 


a pastorianus n 




,V^.Laer,1892 


84 


Lactobacillus 


pentosus 




(exPnsd Bt al 1921) Zanortfef a/. 1987 


85 


Lactobacillus 


perotens 




Back etaL 1999.2000 




"Lactobacillus,'' 


*pfscfcofe« 




WuetaM934 



86 


Lactobacillus 


ptantaxym 




(pria^Jensen 1919) Betgey et aL 1923 






ptfantawm 


argentofutensfs 


Brings! et aL 2005 






plantawm 


pJarttansm 


(Orl&Jensen 1919) Bergeyef aL 1923; 










Bringe! etaL 2005. 
Vbgelefa/,1994 , 


87 


Lactobacillus 


ponUs 




88 


Lactobacillus 


pssttad 




. Lavv^on e*^ ; g»1jb i 


B9 


Lactobacillus 


r&rtnini 




Chenollataf. 2006a 


90 


LnctobacUhis 


muter! 




KandleraralL 1980, 1982 


91 


Lactobacillus 


rbamnosvs 




' (Wansen 1968) Coffins et al. 1 989b 




njtctobacBkts" 


fimae 




OIsenetaU991 


92 


Lactobacillus 


rogosae 


i 


Holdeman and Mootb 1974 


93 


Lactobacftius 


rassfee 




Coreettiefa/.^Oa^ . ... 


94 


LactobmSus 


rumlnls 




Sharpeefar.1973 


95 


Lactobacillus 


saeiimnaH 




Pedersen and Rocs 2004 


96 


Lactobacillus 


sakel 




KataflM et aL 1934 amewi Klein el at 1996 






sakzi 


camosm 


Torrianl ef aL 1996; Koort et at 2004 ' ' 






sakel 


sate? 


KatagMetat islkon^ 1996 


97 


Lactobacillus 


safivatlus 




Rogosa^aL.1953 ^ 






saBvartus 


saTfdnhjs 


Rogosa ef aL 1953 amend U ei el 2006 






saflvarius 


saffvafkis 


Rogosaetai 1953 emend, lie* al 2006 


98 


Lactobacillus 


sanfranclsc&risfs 




(exK&te and Sugftara 1971) Weiss and 










..$cn$ingerl984a,b 


99 


Lactobadffus 


salsumansls 




•.Endo and Okada 2005 


100 


Lactobacillus 


sacaKphflus > 




^Sirmann at al. 2007 


10TI v 


Lactobacillus 


sharpsae 




t ^eia.et at 1981,1982 
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Current name (reference) 


Phykjgenetic 


MelaoowBm 


MQJ7D fc» +■ Lr 


Peplid o gtycan 


Lsctic acid 




fcVDB 5" 


content 


type 


type 




rfiirt©i 




49-51 


Onr-D-Asp 1 


DL' 




mi ik-orf 
I eULfcU 1 




49-51 




DL 




case! 


A 


52-53 


NA 


D 






c 


49 


NA 


DL 




buchrieri 


C 


44 


Lys-D-Asp 


MA 




''bttentterf 


O 


44 


Lys-D-Asp 


NA 




buchnen 


C 


43 


MA 


DL 




case! 


B 


45-47 


Lys-D-Asp 


L 




casef 


B 


45-47 


Lys-D-Asp 


L 




casei 


B 


4£47 


Lys-D-Asp 


- L 




plantarum 


C 


44-45 


NA 


D 




buchneri 


B 


40 


no mDAP 


LJL(D< 70 TbJ 




buchnert 


c 


41-42 


NA 


L 




' p! antartrtn 


B 




NA 


NA 




* plantarum 


B 


44-45 


DAP 


DL 


Lactobacillus ; paradbil/trtb/cfes' • * ' " ' 




C 


NA 


NA 


NA 


(Ehrmann and Vbgel ZOOS)' • " 


■•' ■ 










K; 


jplaniarum 


B 


46-47 • 


DAP 


i PL 


-.i-:'- V:- 


peroteris 


B 


49-53 


Lys-D-Asp 


L 














ef af. r 1887), Camabacterium 












rnaltarvmaticus (Mora ef aH 2Q03) 














plantarum 


B 


44-45 


DAP 


DL 




plantarum 


B 


44-46 


MA 


v DL 




pfeuitarum 


B 


44-46. 


DAP 


DL 




router! 


C 


53-56 


Om-D-Asp 


DL 


' "' ' : • : * v; " 


'* aclS^pniftiS 


G 


NA 


NA 


AV, NA 




easel 1 


B 


NA 


1-Lys-D-AsFf 


DL 




reyteii 


c ...... 


.4W2., 


Lys-pnAsp. 


PL 




casei 


B 


■ 45-47 , 


Lys-D-Asp 


L 


Atopobfum rtmuB (Collins and 












WaRbanks 1992,199$ 












Taxortomic status unclear due 


' NA 


NA 


MA 


NA 


NA 


to feck of type strata (Fells at eZ. 












2004) *'•'•• 














reuteH 


C 


44-45 


Lys-Ser-Ala, 


DL 




saftvHrTus 


A 


44-47 


DAP 


L 




saJlvarius 


A 


42-43 


DAP, 


DL 




easel 


B 










casei. 


B 


42-44 


NA 


DL 




casef 


B 


42-44 


NA 


DL 




saUvarlus 


A 


34-36 


Lys-D-Asp 


L 




saftvarius 


A 


NA 


NA 


NA 




saftvarius 


A 


34-36 


Lys-D-Asp 


L 




butfineri 


a 


3fr-38 


Lys-Afa 


DL 




saEvanus 


A 


3W1 


DAP 


L 




reiiteri 


B 


4B 


L-Lys-D-Asp 


L(D5%) 




easel 


A 


53 


DAP* 


L 



Supplied by The British Library - "The world's knowledge" 



14 I Pot andlsakaBdou 
Table 2.2 continued 



Nurnber, 


Genus 


Species Subsides 


References 


102 


Lactobacillus 


sittginrs 


Asian et at 200S 




Lactobacillus 




Konstaritiriov et at 2006 


103 


Lactobacillus 


splchsri 


Memih a/ a/ 2004a h 




t-B QkOO 3 CUIUS 


suebicus 


Weyonwis ef at 1989 




LactoDaalrvs 


"suntoryeus' 


Caehat end Priest 2005 


105 


Lactobacillus 


Ibaifandensis 


Tanasupavrat et at 2007 




Lactobacillus 


-ihermotolerans' 


Nlamsup«/al2003 




Lactobacillus 


'tiichodes' 


Fomachon et a/. 1 349 




LactobacJfius 


"iuccetr 


Chenoii eta/. 2006b 




-LactbbactOus" 


uD 


Oisen at at 1991 


106 




mturtensis 


Rods et a/: 2005 


1f)7 
IV f 


LmUnMUflUS 




uxana ©£ at i y/y; t\ozaK) ano UKaaa iso3 








emend. DeHagfra et ajL2p0.6 . 


108 


Lactobacillus 


vaginalis 


EmWeyefa/. 19B9. ■'. .'. .. 


109 


Lactobacillus 


versmokhnsia 


Kr6cketeta£2003 


110 


LactobacBkJs 


vtof 


RodasetB£,2006 




'"Lactobacillus'' 


viridescens 


Nfren and Evans 1957 


111 


Lactobacillus 


vilulmus 


Shaipeefgf. 1973 




Tactobacfflus" 


"tyfOSUS* 


Kftahara 1938 




Lactobacillus 


yamanashfensfs" 


Nonomura 1983 


112 


Lactobacillus 


zeae 


, [fx, lOiznetSOV 1959) Dicks et at 1936 


113 


Lactobacfftus 


. zymae 


Vancanneyt at at 2005b 



§Type of g!ucd^..f^%>tatipn as. Refined' by Hammer. an#.Vpgei (1^9^ and Harnme? and Hejtel (2003): , 
A « homofermentative, 8 = feuniltath/efy 'ftete^emientative, C a obflgatety heterofermentative, NA = not 
available. • 



/ ... ,. v . „ , 

Carbon sources metabolism in 
lactobacfin 

Lactose fehniertotton 

Lactose fermentation is by far the most studied 
djsaccharidc Metabolism in lactic arid bacteria, 
since tt is the 'major carbohydrate of milk. As 
shown fcv 1 Lactobacillus casci, lactose is taken 
up via the jphosphoenolpyruvare'd^endent 
phdsphotrai^eiase sysccm (PTS) and enters, 
che cytoplasm as lactose phosphate (Cliassy and 
Alpert, 1989). Lactose phosphate is cleaved by 
phospho-p-Drgalacrosidase (P~jl-gal) to yield 
glucose and . galactose-o^phosphateL Glucose is 



sous the genus today is still considered divided 
in che same three major groups, namely group I 
(obligate!/ homoferineritative lactobaciili), group 
II (facultatively homofermentarive) and group HI 
(bbligately heterofermentative) (Tables 2.1 and 
Z2). In addition/ the accumulated knowledge on 
their sugar fermentation patterns created a solid 
basis on which further research was carried out, 
including other metabolic properties of the lacto- 
bacilli, such as proteolytic and lipolydc activities, 
which are equally important tn food apphcations. 
These aspects are further discussed below. 
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Current nam* (rtfemnce) 



type§_ 



3): 
lot 



ed 

ta, 

Kb' 

tn 

nc 

irs 

3 d 

by 

Id 

is 



1 feufeif ' ; C 

■. '. /- u" 1 : o ■ ■.'•fx : 

< acidophilus 3 



^anenefa?.2O0B) •. >W<*v>r • - % 
, reutejj ', t '. „ C 

LactobactSus irigluvfeifeXset tvufei- ' 

pJtaOOB). y,/ ./ . ; ;v:v,..v 

£^oi^p/^^<^o^i(W:eiss . buchnert. 
ef et. 1983a): ' ^ 

notyetvaM^d , planum 



- A 
C 

c 

A 



Ofcene/fa tiff (Dewhirst;er a/.2001J<, 



acidophilus 
: reuterf. 

rauleri 

□larilanim 

^;ri: v.r-' >;uf. -'i:'; •• 



A 

C. 



(Schteifer^ta/^ 1965) 

LBtfoabdBusmatf (Kaneuchl et salWartUs A 
af., 1988) ' i'ftflftft ^.m^^-^H^ ' 



'ccinlent 


p^tidogiycan 
type 1 


taclic acid 
type 7 ■ 




L-Lys4>-Gltf- 


NA 








35H36 , ; 


NA. 


DU. 


, 55 . 


Lys-D-Asp 






DA? 


DL 


49-5Q 


' nombAP 


DL 


,.49-51- 


natnDAP; 


DL 




Lys-Asp. 






NA ' 


Ma 


ND 




DL 




• -AspH ,;• 




35^ 


Lys~D : Asp 


DL 


36^7 


PAP,. 


NA 


' : '3ePtf ' 




NA- 








39* 




- • 




':i" < .'."V.V'^T , '' ; 'h'?";'-i" 


•••• y 








34-37 


mPAP 


i> 








,,^48^9:.; ; 


' 




..... ',,55-54.,. . 


.NA., r< .. ... 


DL,. 



phospfeorylatetl by gjucokiiiisc and metabolized 

is itictabblizEd ttirfiujglrthe tegato5er6^hosphate 

lacnc acid i'k^Ur WSffi ^i^^ ^iictSic 
With a per-rrieise : aiid which' lack the gaJactbse- 
PTS (KoiilAgs rf at, 1989), Thfc eniyme systems 
of laaose^PTS arid P-p^ ar^geh indue- 
ibk:^ and reptessed by giacose {BCandler/1983). 
An equally commott Way- for lactic add bacteria, 
to metabbliz^ lactone Is by means of a lactose 
carrier (pettriease) and subsequent 'cleavage -by 
P-galactosidase (p-gal) to yield glucose and galac- 
tose> which may agam fcntef the two major'path- 
ways (McKay et &, 1970; Bhowmik and Martb, 



1990). Some of the thermophilic, lactobacjlli, 
such as Lactobacillus ddbrifccka'subsp, bulgariate, 
L. dclbraccku subsp. lacits iihd j^dobaajlus aqdo- 
pbilub r only; metabolize the- glucose moiety after 
transport, of ^kctose: and, cleavage by. p r gat ; while 
galactose is: e^xreted into t}ie medium (Htclcey et 
flt,1986; fdutldns. and Moots, 1987). 

Glucose fermentation > - 

For glucose; fermentatioh nvo major, pathways 
dcciic^ zn^ lactic add bacteria* The Embdcn-- 
Meyerhof-Parnas pathway (glycolysis) is used 
by all lactic add bacteria-, except leuconpstocs, 
group HI : lactobadllL (obliga rely heteroferme- 
nauve' spedes), oenococd arid vveissdlas. It is 
characterized- by; the* formation of fructose- 
1,6-diphosphate (FDP)/ which is split by the 
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FDP aldolase into dmydroxyacetone-phosphate 
(DHAP) and gIycexinaldehydc--3-phosphate 
(GAP). GAP (arid DHAP viai then 
converted to pyruvate m a metabolic sequence 
including substrare level phosphorykdon. One 
mole of glucose results in 2<mples of lactic acid 
and a net gain of 2 ATP. The glycolysis pathway 
is used by the boiwferinenffttwe lactic ad<i bacte- 
ria. The other main fermentation pathway is the 
pentose phosphate pathway. The key step is the 
phosphoketolase split of xylulose-5-phoshate to 
glycerinaldehyde-3-£hospbate (GAP) and acetyl- 
phosphate. GAP is then converted to lactate, 
while acetyl-phosphate to acetate and ethanoL 
This pathway is used by the heterofermentative 
lactic add bacteria. Heterolactic fermentation 
gives 1 mole each of lactic add, cthanol and CO2* 
and 1 ATP per mole of glucose. It should be 
noted that glycolysis may lead to a hetctolacric 
fermentation (meaning significant amounts of 
other end-products besides lactic aqd) under 
certain conditions, and some lactic add bacteria* 
regarded as homoferm en thrive, use the pentose 
phosphate pathway when metabolizing certain 
substrates (AxseUson, 1998), 

Among lactic add bacteria, those found in 
sourdough fermentations belong mainly to the 
he tero fermentative bctobacuti, which catabolize 
glucose via the pentose phosphate pathway. 
Under micro-aeropnilic conditions, born oxygen 
and frnctose can be used as electron acceptors. 
This gives rise to the formation of additional me- 
tabolites such as acetate and mannitol (Hammes 
and Ganzle, 199S). 

Maltose fermertiatfon 

En sourdough, maltose is the most abundant 
fermentable carbohydrate,- and hence maltose 
carabdlism 1 is a key process during fermentation^ 
Microbial associations of' malmse-positive' and 
maltose-ncgadve lactic add bacteria strains are 
typical for sourdoughs dominated by LattobaciU 
lus sanftaiichcensis (Crobbetn>1998)- Itirh san* 
finnd5cmsis,Lact<jbadUits rcultri and LactobadHus 
ftnticntttm a consdtudve ' intracellular maltose 
phosphorjdase catalyses thephosphorolytic cleav- 
age 6f maltose^ yielding glucose 1-phosphare and 
glucose (Vogel et al, 1994)/ Glucose 1-phospbate 
is then converted by pho;sj)hogjncomutase to^glu- 



cose 6-phosphate, which is further metabolized 
via the pentose phosphate pathway (Hammes 
'TW'pK 1^96; Yp^el et aL, 19$9). On the other 
hand, hexokinasc activity, which catalyses the 
conversion of glucose to glucose-6-pbospbate, 
is virtually absent In cells growing exponcnriaHy 
- in maltose^containing media, and thus the non* 
php^horylate'd glucose becomes excreted in the 
medium in a molar ratio .with maltose of about 
1:1 (Stoiz et % 1^93; Go^biti cr SL, 1994) Jt has 
been shown, however, that no glucose accumula* 
tion occurred in the fermentation broth, and no 
maltose phdsphorylase activity could be detected 
in cell extract pi^arell ^ the 
presence pfboth. maltose and fructose, suggesting 
that in the presence of both maltose and nratose 
in the medium, induction of hexokinase activity 
does occur (De Vuysc et al, 2003). Similarly, in 
experiments jjerfbrmed with growing cells of 
L* saiiftandsc&tsis, no significant accumularion 
of glucose was observed in die medium as that 
reported £pr resting cells of L* sanfranctscensis, 
L. rcuitrir and Lactobacillus Jwntis (j^cubauer et 
aL 1994* Stoiz et al, iM&Kpfc fe'also Relieved 
that hexokinase activity is induced in the pres- 
ence of gHfcose or fructose in the medium (Stoiz 
etat,1996> ^•-/ i ;-'-< 

Fructose fermentBtion 

I}, sanfranctscensis and L. pontis are able to use 
fructose as carbon source; however, in the pres- 
ence of maltose they use it mainly as an electron 
acceptor and fructose is reduced to mannitiot 
{Stpk rt k ah; 1^^%pws ,et al, . 1??9; 
Wolfrum and Vb^el, l?99)^cord|ng go peken 
and. Vdysey (1995); oxygen was .proved to be t&e 
preftr«d hydrogen acceptor,ft>r the X,. sanfianens- 
caisis sf rams. When oxygtfn is. depleted, fructose 
is Used, as an electron acceptor (Gobberri et ai, 
1995; Stoiz et al, 1995a). Through the reduction 
of fructose to mannitol, extra ATP is produced 
via the acetate kinase reaction, and thus maltose- 
fructose co-metabolism yields shorter lag phase 
arid higher growth rate and biomass producric-n. 
It has' been shown that at a molar, ratio of 4*1 
(fructose—maltose), acetic arid is the main prod- 
uct (Marrinez-Anaya et al, 1994; Gobberri et at, 
1995. 2000; StphetpL 1995a).L. sanfranctscensis 
amverts stoichiometrically fructose to mannitol. 
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whiicX P0>t& produces Email amounts of lactic 

'Xs'faV aV 'pentose £eiro 

1933> Posthumi kf 200;^ despite 

some s ^ aitf %^##^^# ra P 11 and 
'UiM^^)?^f' positive. In 
Vrtjgtf transport 



^e ^g^s jritb' rhe^. Trie |aitoSes are v then 



isqmerasei to 

5.phos|l^ metabo- 
li^^f^ lower ^rfaB'-p^fe'^pha^ 
padi^>;.(K:andltol983) + 

sucn' as rniBe^e^D^ alio 'serve as 



sum as uuia/ ^«-« i '^; , '"7 1 'p* ~"*~; . 

aU^ accepted that' next wca^ 
We'taDolisrn' i p^W'^t^^^& f ^ fa ' 
min^tionsi ^anility of iacrfcW-bacteria to 
n^oJ^xftra^ ' 
" eribiis plasmid 5 cbl^ 



' Oxaldacetarc is then deaHso^I^^pyTu^^ 
A&oro^g^ 
p^ate n^ &e^^ 
C6A (via 7 the- jp^v^^ 

which lead: to aceta^|via trie at(itat^^c); and 
acetalcterr^ alcohol- 




wiiiuub /' v / — — r ~ • , , v 

acefelacta^'s^tn^ to a^etoin: 

(ieerolactMr decarb^x^a)^ an^t dfa&tyl arid 
£3rbutane^uol (Viathe diacetj^acerofe reduct- 
aSe)/an^-nnaIIf (iv) to- lactate 1 (via 'the lactate 
dehydrdgferrask)^ sflte energy is tdoT^fcttienitecL 
Broni the? conversion of -ac^t^ CoA 'to - acetate, 
meaning rhit dtrate acts as electron acceptor, 
cesoiting -iri a higher pro^ucridn 'Of "acetate and 
ATP probably via the acetate kinase pathway; 
Additional energy is produced during the initial 
breakdown of citrate into pyruvate (Flugenhokz, 
1993)* Furthermore, recent' studies performed 
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with -L&ctotio&& lacds subsp. Idcl'ts biovar 
diacetylacrii^Hugeiiholtr, 1993? Hagenhbltz ct 

■ al f 1993) siid Lcitcoriostoc oows (Martp-Teysset 
ct'al,J®9$) indicated that the uptake'df dtrate 
is coujdect to' the geherarion' of a proroh'motiv'e 
forte} 'wiich' was'shown to btf stroritg enough to 

• fdrrv^\rJi^addm6hat 
j^ducK of citrate catabolfsin/ such as* dlacetyl, 
acetaldchyde and acetoin, have; - very : distinct 
aroma < "properties arid' ' ihSiience ; . signincandy 
the^vqaalit^o^ 

diacetyl determines the arbmatic properties of 
fresh cheesci ierrnentcd mu!c/ ! crearn and? butter 
(Dfr ; Figureda ct ■• , «te i 1998)s-'- f Ihr' breakdown of 
dtrate results asAveltrin the production of carbon 
dioxide,: which can - add- to the' texture of some 
fermented dairy products 1 (Kimoto et aly 1999). 
* Icihas>bc^ of 
Lt Mnfmvastciufrtt^ as elec- 

i rr^ii^acc^tor in. 1 thet -presence of maltose . (Stole 
it o^i^5^©ri/rh 

^bf^tiud^e^ai^ ^hratfe^ 

• ; ^M^mtis (Hantrnes er alp 19S<6), According 
tov Gobbetri -ahd: : Gprsetrit:(W6)^-to co- 
Tneia{)o|Km>6f^ add 

>and' ^e^ciadti ai^infiMy producedf biit . when 
narrate : is ^^a^sted^r lactic; add^ac(dvithanol are 

x\t^^ahi*pf oductsi irir stllv cases,, maltose serves as 
ca&b&s^u^^ 

from dtrate has fe&en^ofb 

the presence of dtrate lyase, malare Hehydeogen - 

ate, fiimarase and sncdnare dehydrogenase, A 

putative dtric add cyde (PCAC) Sotl^ casci was 

recendy-"generated^ 

arid metabolic' flux- analyses (Dia^-Muniz ct at, 
2O06)i Aldiough' ft; was possible to- construct 
a um%ie^PGAG: for l>. castty its; full functional- 
ity ; \vas unlmo\vn. Therefore- the b< caict P CAC 
was ' e^Wated utuizing : erid product analyses of 
dtric add* caJtaboHsm^dn^ing , gro\vth in- modi- 
. fied chemicaliy, defined media (mGD3Vl), and 
Cheddar cheese extract (CCE). Results suggest 
rliar , under energy source excess and limitation 
in mGDM this rmcro-organisnl produces mainly 
t-lactic add and acetic add, respectively; Both 
; or^iric adds were produced in GCrl Additional 
end products indude d 'lactic add, acetoin, 
formic add,- ethanol, and dhcetyL Pcoducrion of 
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succinic acid, malic acid, and butanendiol was not adds u(Knnji et 4 f 1996; Jv^rau et 1997), 

observed. It is thus concluded that under Condi- Furrnermore, it is generally accepaid thai their 

dons similar to those present in ripening cheese, proteolytic system contributes to toe degradation 

citric acid is converted to acetic add, t/p-lactic of food protein and hence .to t|ie : ,tqdture, taste 
add, acetoin, d^acetyt, crljarioL- and- fpfrni^ adLL . axxc\ aroma of ^rrnentcd products ($c£wec*iey 

The PCAG suggests that conversion of lie diric aricl Spus^,2Qp6% . % 

add^derived pyruvic*^ ( ^for _ tflfflip;jj;rr ijjg^jy . if niliiPtf ' jjSt&Aiilyifi 

of lactic add, may yield two ATPs per molecule system js rh^ iorftf, and k staves 

of citric add. asamoold^ 

Lactobacilli usually dominate die lactic add feesr unravel^ systems are Sose of 

bacteria microflora in naturally fermented sau- fyctobaalkts spedes, most notably LojdobactMus 

sages* The growth and metabolism of lactic acid fcdivtfcu^ easel 

bacteria is affected by the presence of oxygen. - . A° ^ serine 

Usually the carbohydrates are metabolize^ via proteinase (PrrP) w an ekenriai^ of 

glycolysis* However, under certain conditions, this system. Prti > exists in at lease two variants 

the hcterofermenrarive pathway is activated, with somewhat different spedfidties iit die deg- 

tesulring in undesirable flavour components i.e. nidation of milk casein> TEhe gene, encoding PrtP 

acetate (Jessen, 1995)* In the presence of oxygen, has been eloped and sequenced for a number of 

metabolites other than those found in anaerobic . I^ctobacijks paracasel (Hoick and Nes, 1992) 

conditions may be observed. Despite the fprma- and JL bulg^rum (Q^bc 1$; e£ a j., 199$ strains, 

tion of hydrogen peroxide; which may be formed v> TJie L, $pra easel en?wrn^ than 95% 

during the aerobic metabolism of glucose, the ■< siniaariry to , - tl^^l^cppc^oe^^ cttuC .!iyii3fc ^.liie L* 

yield of lactic add, acetic add, acetoin and etba~ delbrujzckii • proteinase: shows up to ^096 identity 

nol are ajfieded t Lactobacillus plantanwtr which , over the first 8?P residues >vhen compared to the 

under anaerobic conditions mainly forms' lactic lactococcal enzymes; bpjvever die C'tenninal 

add from gjucose, shows a dramatic .increase in . parr does ^ 

the production of acerit arid under aerobic con- indicate^ >t^at L^^t^ticus.. may contain two 

ditions, together with Small amount* of acetoin protdpases with d^fferenr substrate spedfidries 

(Krockel, 1995)/ : •.-v* << : ^ } ; (Grtberc, et «l> 1??7), while a cell erwdope- 

— — £211 ■■ '< ■ . • • assqdate4 proteinase gene (prtH) was identified 

Proteolyfic system Of . in L hdvetiew0^32 t with a deduced amino 

lactobaciin } add sequence haying, significant identity (45%) 

*~ *' "~ ■"*"■* ."----v— •7"- ^ PrrJE? protdnases 

Proteolysis' , (JRe^ne/^ 

Proteblyds is considered the most complete of the i^.^ylhe. m^)ozicy-t of v sourcloughv (actic add 

three primary events durmg food leime bacteria does nor exhibit cell wali-assodared 

the other two bdng carrxihydrate fermentadon . p^^ 2003; Vermeulen 

and Iipoiysis, It is a general belief , that lactic ?• .efc^ZQ^ of 
add bacteria have limited abilities .to synthesize- , protein ^^radario^i^ pbserYe^. {n wheat so»ur- 

amino adds, which are essential for their growth, dough ancj+in cliemicaliy addified dough (thide 
and most raw food materials: contain msuffident. . « ct. at, 200$}. Loponqr; .\ei aL^lffi). However, 

amounts of free amino acids and low molecular . several strains of sourdough lactic add bacteria 

mass peptides to sustain growth (Law and . strains e^^ 

Kolstadt > 1983; Thomas and Pritchard, 1987), acteri^cd (Gobbetri et. 19?6a; DLCagno ef 

Although they are considered as weak proteolytic fl/., 2002;Pepe ^.flL, 2003) arfel acpnrributiort of 

bacteria compared with other groups of mfcroor- - selec.trd.iactic ^ddbaaeria to proteolysis could 

ganisms, it has be shown that Ucdc add bacteria be demqnsrrated. by analysis ,of the degradation 
posses a complex proteolytic system capable of , , o^ afcumins^ glpbulinSr and gjkdjgns in wheat 
hydrolysing food proteins to peptides and amino s . s.ou.rdoughs (Di .Cagno et aL, 2002; Pepe ct r/. 
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2003? Zotta et aU 2006);Hie analysis of peptide by r^.o;r£ams^ 

^ and aiiiftfb add teitfSiS' wheat ^dou^hs in.- an blfgo^dde t^ppxt system .is present in 

aon Jicace that L. s*^w^/w prele^^ utiles ' fcefoetotf (Natajiaraa ef aU 199S). Inside the 

rwty ^./2a£<4)t Cora£a^feW ^tfft^f 1^ and dfi^&lrtple^ die degtadation (CEmtoisen ef 

.•ves (Vcnneul^ Arnlrkraad mdtaboO&m 

and w^d '-^fW^d \^^^SS^^^^S& m'adffiio^ add 

> of been'cha^ rttt&^dlBni; ^ntdbutes b Savout-'foi^tion din> 

gencttc 'ify 195^r G^llb' ct inf 'fiS^a^ti, tti recent years, it his' becbrne 

ticL a t/2#05FV^ clear diat a 'nuinber of enzymes are- involved in 

ine tlie" re^oiarloii ' of pej^dde uptake* syscerris~ arid die cdnveisfori of aixurib acids' to' flavour cbmpo- 

: of pepridaj^F^rln^ gc^vrh 6( L/im^^t^U riches; BdeccL the genome tdjfftafc; analysis of 

•tirs has fihbwtt^Pgertes coding forthe pe^e^trp- setetai sj^es: of &c^^ in- 

eg- ca lb ^itcn^ fbi- d stglit mto ^** tr " ) ?f id 

rcP fl y i9^ and'ar^ol^jiep cow^ 

1 of (Opp)^cre^rcsse^dw eni^mes rto^ 

ins, ftVsr^pfo^ age of the amino arid side cKajrl. Branched^c^n 

5% ^^jj^h^oo^S^ ' anHind-ad^ : 'dui.be ( tr^satmnated l^ac*ids> 

I~ 2005)" ■ -'•< -/ • 1 which then' uriaVr^elrh^ 

jty. ; : ... ,^£i.;<^ \;:># iv,v, ', :. ' rioa or 

the ' Artl^ cxin^esporidi]^^ >^ 

rial Ixi IacTOco'cci, the products of die initial casein (Srnxt a# ^ 

ave t^ddtib^;(^^ a'&jrsxep^ 

wo- . potfectifl^^ ' compoun^b>-1,iurc kid U atria: -iaitc^m 

ies fbr'ar^^ • • 

pe- and tripeptides (DtpT and DtpP) (FoucauU'ef and^Met is' essenHally irHuared by a tfarWSnaina- 

ied n^l995)/arid W tion : J^iJiP^^ occurs' only 

no (Opp) to present 

%) (lynkkyneri ' drffiL; 1993)*' HoweVer, little fnrbr- as a^b'^u£ ^ demonstrated 

ses madon . is- available on the riarisp'ort of casein in mesbphllic lactobadlif 'Such as r& 'ptiritcasei, 

•breakdown 'products : in' Larxbfec^H. : ; Kesiilcs criscf> 

dd suggest that the ahifhti stddi transport systems in " (Gurnmalla arid B'rabdbeiit; 1996; Tammareii it 

:ed & frtfi/efkas: atesirnilar to thelactocbccal (Maka- • a%>2^)' jfo£ '' also' in che^pphilic lactbDaMI 

jtn jimaet aU i99^^e^^o^gibribi^chd such as ^ : ^^r/i r ^ ^ri^'rsubsfj; tocfe, 

of ' chain aminos* add carrier (6r»C) 6f L> ddbitttckH wd &rdffl 

it- subsp, facrrV has been cloned and sequenced and ^roadbent, 1999). a-F^toglurarate Sdf^es as 

de (Seucky ;rf al, 1995); and it is driven by the amino acceptor irt the rroUsaminanbh reaction of 

•en proton motive feke. For die same organism the Icudne, phenylalanme and other ahiuid adds, axi d 

ria genes coding fof an arornaric add and a dipepdde tne addidbn df tf-ketbgiuraiare sribn^Jy increases 

' rransporter, <rroP and c?pp£ respectively/ have ammb acid conversion sakei and 

d also been ddned and Sequenced (Ktihji ei at, L,ptantariim ("iVoncf • 1^98; Larirouture ci al, 

of 1996). For'L. hdveticus, a homologue of DrpT 2000). Lactic'add bacreria e^ir^utamate de^ 

dd is spednedby a sequence located dbwnstxeam of hydrbgenaS'e activity in a- strain sped&c manner, 

Jn pcpN (Chcisrensen ct al, 1995), and nansporc The enzyme caralyses the NADfP)H-depcnderit 

experiments have shown- that substrates, typical recycling of gluramate to a-ketoglutarare, and 

it, for the Iactococcal DtpT, arc indeed transpbrted consequendy mcxeases the flux through rhe 
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transaminase reaction (Ganzle et al, 2007). Hie 
catabolism of leucine and phenylalanine was 
analysed in detail with strains of L. sakel and 
L. plantarum (Groot and de Bone, 1998-, Lar- 
routure et al, 2000), valine and koleudne are 
degraded by comparable merabolic pathways. 
Cystathionine lyase (Cxi) Is a key cnayme in the 
metabolism of methionine and cysteine in lactic 
add bacteria Cysrathionme^-lyase was puri- 
* fied and characterised from L. fennentum and 
L. renters (De Angelis et al, 2002). Vermeulen 
et al (2003) reported that JL fermctttuin, L. 
rcttled, L. poniis, Lactobacillus pants and Lacto- 
bacillus nihidensh ; but not L. sanfrandscensh, 
L. plantarum and LaetobaqUits breyis expressed 
genes coding for CxL Cx] activity of lactic add 
bacteria contributes to the flavour development 
during cheese ripening (Weimer et at, 1999), 
and a cysteine, uptake system was shown to be 
essential for oxygen tolerance in JL fermentum 
(Turner et at, 1999) but a possible functional 
role of cysteine and mediionine metabolism in 
sourdough, remains tp be determined. 

Lipolytic system of lactobacilfi ~ 

Lipolysis is among the prinripal events occurring 
during cheese ripening. Free ratty adds can be 
forther converted to methyl ketones; ketones, 
tbioesters, keto and hydroxy adds, which con- 
tribute in addition to the free. ratty adds to the 
flavour of the ripened product, while the volatile 
short chain fatty adds are responsible % the 
rancid flavour of milk (El Soda et al % , 19^5). 
A c .^PplyP'c agents in cheese xndude the 
indigenous rr^k lipoprotein lipase, but also the 
lipases and esterases produced- by the starter 
and non-starter bacteria, and depending on the 
cheese variety enzyme preparations added during 
maimiacturmg. 

To hydrolyse milk &r in milk and cheese, lac- 
tic add bacteria possess esteroiyric and lipolytic 
enzymes capable of hydrolysmg a range of esters 
of FFA, ttt-, di, andmonoacyl^yceride subsrrates 
(Fox and Wallace, 1997). Despite the presence 
of these enzymes, hctic acid bacteria, especially 
Lactccoccus and Lactcbacjihis spp. are generally 
considered to be weakly lipolytic in comparison 
to spedes such as Pseudomojias, Atinctobacler 
and Flayobacttrium (Fox et aL, 1993). However, 



because of their presence in cheese at high 
numbers oyer an extended ripening period, 
lactic add bacrerw are considered likely to be 
responsible for the ulceration of significant levels 
of FFA. To dafe, lipases/esterases of lactic acid 
bacteria appear to be exclusively intracellular and 
a n Wl? c ^f ia r c heenicUntm'ed and chatacterizecl 
(Ctidiet aL, 1997; Castillo* aL, 1999; Liu et al, 
2001). El-Soda et al (1986) found intracellular 
esterolyric activities against subsrrates up to C5d) 
in L, helvetkus, JL delbrueckn subsp. bulgaxicus, 
L. detbrtteckli subsp, lactls and JL acidophilus, with 
L, delbrttcchu subsp. lactis and L. acidophilus dis- 
playing the highest activities. Khalid and Marth 
(1990) reported the quantitative estimation of 
the lipolytic activity of L. casei, L, plantarum and 
L. bclveticus towards milk fat; olive oil and tribu- 
taiioic add emulsions. The three emulsions were 
bydrolysed by the lactobadlli with the exception 
of one L. easel strain, which failed . to hydrolyse 
olive oa. According to Lee and Lee (1990), 
esterolyric and lipolytic enzymes were produced 
by cell lysis of JL easel subsp. easel LLG, while 
L. ferntentum contains a cell siu&e-associared 
esterase specific for C4;0, which can hydrolyse 
P-naphthyl esters of fatty adds from G2;0 to 
ClOd, (Gobbetri et al, 1997), . Gobbetti et «L 
(1996b) reported the purification of an intracel- 
lular lipase front a JL plantarum strain isolated 
from Cheddar cheese, with a molecular mass of 
65kDa,andpH and temperature optima of 75 
35^ f respective!^ IJi ft enzyme was telatively 
heat stable to a temperature of 65"C but was irre- 
versibly inacrivaced on heating to 75°C for 2 min. 
Hydrolysis of triadyglycerides indicated that the 
enfcyme had highest activity on rributanoic arid, 
less activity on tridodecanoic and trihexadecanoic 
adds and no activity on tri-ds-9-octadecenoic 
add. 

Lipids are only a minor component of wheat 
and rye flours but have a significant effect on 
bread quality. Li sanfranchcensis is auxotroph 
for unsaturated fatty adds (Sugihara and Kline, 
1975). Unsaturated 6tty adds are subject to au- 
toxidation during flour storage, and are oxidized 
by cereal lipoxygenase activity during dough 
mixing (Laignclet and Dumas, 1984). (E)-2- 
Nonanal and other aldehydes resulting from lipid 
oxidation are key aroma compounds in wheat 
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k*gh and rye bread rhar/ impart a 'fiitiy; *rhctalKc or rcflcrf tfe mc^ 

10 ^ r green' flavour (Hansen and Sthiebcrle; 2tfG5) and Equally essential as trie 16S» rRNA sequencing 

* ke 3oa«fttrjatlShs o^F i£[^£^flS)^I]rir^db^p&i^dfc' technique to this scheme* is the species concept 

ivc k are jignificiuiii^ reduced dttring* 'sourdough for* (Ifte <?rf hoc committee for t}>c re-tvaluatton of /he 

menfcuf^'. (Gzerny^ aM ScJriieb&K£' 2002)1 The £pecte$efintii6n t m hacteriotogyi * Srac^raridt ef 
and sC-ADti aenviiy of lactoteen'a* "contributes to 2X^tf2)l At&ough the species c6r?ccf>t remains 

^ ec ^ the reduction of these flavour compounds during subject of animated debates among taxonomists 

t sonr^ough feririentatidhi yeas& additf orially niay (^siellc^^iifa and' 'Amanri; 20dlr Rc^selld- 

aIar cxhibxr:ADHiedvity in dougn. . Mora, 2003r'G : evcrs hl x 2005), it remains 

; 5;0 ""' ; ' ' ' the ferrnil -tim£ offcacrcr^ arid is 

icu$, Jh© taxdripiTiy of tte cjfenus defined as a monbphylcric and gcribnucally 00- 

LaotobatUlds herent cluster of individual organisms thai: show 

a high'&^et; of overall simikriry \vith resp ect to 

irc ^ Sorn6 feaxbnomlC background many independent 'chkractcrist^csI , and 'is diag- 

1 °^ The*'" germs ? >£5^6B AirT /Ib^ ' b'elSrigs' 7 to the large nosaijfcb^ a dis^^ 

group °^ ^ffccfc hactcrJaV \vBich : are ill Gram- (Rossell6-Mora and Amann, 2001). This phylo* 

positive non^oriIlg , eocaV cfeccc-barjlh or r6ds> phlenc£x£'&^ besides' genetic 

rere having, a DNA. Base comjj^iribn' of less' than cvidtjjpei some phehorypic diaracteristics will 

:l0n 50 ni«€¥^#m^ ; discrirMSate 'a pbsls^Ie ri ^^G^mm&'S^' 

^ c catalasp ahd' need a fermenrable carbbhydrare est phylogenetic neighbours: When phenotypic 

* 0 )' fci 1 ^wtfe'^^ne^^ hi' rhe'broa^-' ' : variaaor^jfi ^ spta'es is 4 cormcle^bl^ species 

Cct * senstcorn^^ mayb&r^^ 

aUc co^Vi^!?^^ on' rJfoip^ 

te< * Lactobacillus'; tnctbBctus^ j&j&ojMtioX Otiiococ- need nor be supported by generic determinants 

y se ch£ '.fen^ (RosseHiS-Mort af^ A raantri &00l)l 

to Tetragcndco'ccusy. 'Nagpcomir ■ Jx&fWcissclla* ~The ' '*tff'^r|^^%''s^eci& B'o^i^ei'b^H^'m^ 

genus 1 Bifido bacterhaiu Gdihtel^^y^cara^virt ?md genot^fc' cri^ 

;eI " PafiiicrtrcfovfVare onw alsolricludcd m this col- similarity of 70% or higher (relative binding- in . 

tc< ^ lection, althorigl^ a hybnd : ^r^fA rea^^arin^^^ 

of meVterindbac^ a: diffikSfcfe f£ the^im'eit^ 

^ the GJram-pc^imve Euhactcria (the Brinicutes), equal to or lower than S*C r wdl Be considered 

comprising •• also 1 Propidni^ BreW&acte- . to belong to a single species? in addition rfifc 1 feS 

re * mm arid the mlctobacteda, Ih^tatf et 'taxi' arc rRNA ge'ne se^jucirice smiilarity should ride differ 

*n* only very disraridy delated tb -the, geriuine lactic ' mor^ thin 3 As mentioned above, phenotypic 

hi add bacterial' * features should be sought that confirm the pco^ 

The : genus j^ciofecil/ui r belongs- phyloge- posed groupings. 
tic nedcally to the phylum : ^ D^IA-DNA similanty measures are thus 

tic 2004), The family Lflctobdctllaceke comprises the still considered the gold standard technique for 

main family m the bMer ^ the deb'nearion of bacterial speaes. Since this 

iac itself belongs to the class BaallL From th e oth er ' teciimqueis laborious, it is very unpractical for the 

°n members of the family mentiotied above, the 113 speaes of the genus Lactobacillus* Therefore, 

ph genera ParalactvbacfllUs and Pediocdccus are most the closest pbylogeneric species are ofreh identic 

*e, noteworthy since species of rlieie genera tend to fied by a (partial) 16S rRKA sequenribg, \vhich 

u " mtermingld phylogerierically \vith the variety of after comparison with the large collection of 16S 

ed spedes of the genus Lactobacillus. rRNA sequences available fn public databases, al- 

$b . This classification wis mainly build on the re-* lows the identificarioh of the mosr closely related 

2- suits of 16S rRNA sequence analysis {Toxoiiomk species for which DNA-DNA hybridizarioris 

id Outline of the: Procaryotes; Garrity et al f 2004), will need to be set up. 

at arid as- mentioned before does not necessarily 
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22 I Pot and TsakaTtiou 



For several reasons/ 16S rRNA gene se- 
quencing can never be used as the sole method, 
for species delinearion (Stackcbrandt "and 
Goebel, 1994). , " 

1 A first limit migfrr.be that often, a single, . 
representative strain per species is used for 
the 16$ rRNA analysis, lacking thepossibu- ( 
try to position a new isolate in the biological, 
diversity of the species considered* 

2 The use of partial sequences is also mak- 
ing the result of 16S rRbJA sequences less 
reliable. 

3 The many sequencing errors present in the 
reference sequences (often from the early 
days of sequencing), wiH also influence the 
final tree. 

4 Sequence alignment, essential for. sequence 
similarity calculation, is a highly subjective 
business* Not only does icjety on a wealth 
of algorithms, but often manual editing is . 
necessary to Improve' the result qbiainecL 
Critical are the ease one allows the software, 
to create gaps, and the cost* defined to extend 
these gaps. 

5 Also, in the pairwise calculation of the 
sequence sfotfariries, gaps can .be included 
or not; and phylogenetic corrections can be 
applied or not* . . •, > . ^ ( , , 

6 The cluster algorithm chosen, as well as the 
selection of reference sequences included, 
will also affect the shape of the final tree, ., • 

7 Finally, as a conserved taronomic market; 
16S rRNA is not re^y„suii3ble to . study 
small dififerences between closely related 
species. 

For these reasons, 16S rRNA sequencing 
will be useful to frame a new isolate in a well- 
known phylogenetic scheme, but may not solve 
the real idenoficarion or classification problem. A 
polyphasic approach (Vandarnme ct at, 1996a), ' 
taking into consideration a variety of mforrna-r . 
rion sources, should result in a more reliable 
identification or classification. . 

In view of die wide use of lactic add bac- 
teria in food applications, identification and 
dassftcarion, however, are very important. The 
discussion whether evolutionary deductions 
should automatically reflect on nomenclature] 



designation (Dellaglio et cL, 2004b) is a very rel- 
evant one. Nomenclature is essential for proper 
food labelling and will allow producers to com? 
municatein a formal way about the bacteria they 
add to foods. Safety aspects, for eocample, have 
also been Bnked to spedes, definition (the QPS 
principle; , h^«//wwe&a^ropa^/BFSA/ 
efcajocd^m^ 

htm). One could tiierefore support the auto- 
matic link between evolution and speciadon 
(de Quieroz and Gauthier, 1992; Woese, 1998; 
Canrino 1999), but its automatic translation into 
nomendatural designations can be questioned 
for practical and other reasons. 

As an example we could usfc the Lactobacillus 
casei case. The taxonpmic controversy has been 
going on for quite some time. Lactobacillus casei 
was described by Qtb-Jer^cn in 1919. Hansen 
and Lessel (1971) choose strain.ATCC 393 as 
the neotype strain based on a linured number of 
phenorypic traits. DNA-DNA hybridation 
experiments (Dellaglio et aL* 1975) showed that 
strain AT<3C 3?3T had high DNA siiailarny 
with the former type strain of 'Lactobacterium 
zeac (Kusnetsov, 1959) and as such was shown 
not .the best neotype strain for L. casei . Using 
DNA^DNA hyi>ria>arion experiments Collins 
et aL (19S9b) confirmed the separate position of 
strain. ATCC 3937- and transferred all other L. 
casei strains to a new; spedes L*paracasd* 

In a first, request for opinion, Dellaglio et at 
(1991) proposed strain Lactobacillus casei ATCC 
334 (not jnvesrijgated by (^Ilins ctaL, 198$b), as 
an alrernatiye neotype sttain of L, casei , in place 
of ATCC 393 T and requested rhe rejection of 
the name L. paracasein This request was denied 
by the Judicial Commission of the International 
Committee on Systematic Bacteriology (Wayne, 
1994), as this would create a precedent tn replac- 
ing a type strain that was officially described and 
which was still readily available (Wayne, JL994)« 
In 1996, Dicks et aL reclassified L. casei subsp, 
'casei' ATCC 393 T and 'Lactohacterlum zeac 
ATCC 15B20 as L. zeac norm rev., and.cfesig-' 
nated strain ATCC 334 as the neotype of L. casei 
subsp. l casei\ They formerly rejected the name 
L. paracasein Since this spedes, however, was 
validly published, the situation was unclear, as 
both proposals were standing and a new opinion 
of the Judicial Commission was required. The 
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